Abstract A method based on dispersive liquid-liquid microextraction (DLLME) was developed for the quantitative extraction of Ochratoxin A (OTA) from raisin samples. The influence of various parameters on the recovery of OTA such as type and volume of DLLME extractant, centrifuging and sonication time, also volume of deionized water was investigated. Recovery values under the optimum conditions were between 68.6 and 85.2 %, the inner and intra-day precision expressed as relative standard deviation (RSD%, n =3), were less than 15 % at spiking levels of 2.5-30 μg kg , and the limits of detection (LOD) and quantification (LOQ) were 0.7 and 2.0 μg kg −1 , respectively. Real samples were analyzed by DLLME method and compared with confirmative immunoaffinity Column Chromatography (IAC) clean-up. Low cost, simplicity of operation, speed and minimum consumption of organic solvent were the main advantages of proposed method. The mean contamination of samples was 0.88 μg kg −1 that was lower than European Legal Limit.
Introduction
The presence of mycotoxins in diet is causing great concern to human in all over the world . Ochratoxin A (OTA), was first isolated from Aspergillus ochraceus and is one of the most hazardous mycotoxins (Amézqueta et al. 2012) . In moderate climate OTA is produced by Penicillium strains (P. verrucosum) and in warmer regions is created by several species of Aspergillus (A. ochraceus, A. sulphureus) on different food and feed, especially on dried fruits, wine, grape juice and coffee (Covarelli et al. 2012; Walker 2002) . The carcinogenicity possibly of OTA has been recognized by the International Agency for Research on Cancer (IARC) (Walker and Larsen 2005) . The European Union recommends legal limits for OTA in dried currants, raisins and sultanas all (10 μg kg −1 ), cereals (5 μg kg ) (Lapera et al. 2008) . The unique phytochemical composition and natural qualities make raisins an appealing source of nutrients, for fresh consumption and also use in baking or confectionery. Just about half of the dried fruits in the international market are raisins. United States, Chile Iran and Turkey are the lead raisin exporter countries. In raisining process, bunch of grapes are dried in a well-ventilated room (air-dried), or placed under sunlight (sun-dried) until the grapes are dried, in this process, moisture may create appropriate condition for fungi growing, and increasing the OTA content (Fang et al. 2010; Hui 2008) . Varga et al. analyzed 20 raisin samples, all samples were contaminated with OTA and the heavily contaminated raisin sample came from Iran (Varga et al. 2006) . Ten percent of 264 sultana sample in Turkey were contaminated over than EU regulatory limits (Meyvaci et al. 2005 ). Palumbo et al. reported that OTA is a common contaminant of raisin, but average levels for dried fruit are much lower than EU recommends legal limits (Palumbo et al. 2011) .
There are numerous methods for extraction and clean-up of OTA in food and feed stuffs. Solid phase extraction (SPE) and immunoaffinity chromatography (IAC) are the most common applied extraction and clean-up methods for extraction of OTA in samples (Sugita-Konishi et al. 2006) . These methods are efficient for extraction and clean-up of OTA, but they are time consumer, also use considerable volumes of toxic organic solvents and cause large secondary wastes. SPE has nonselective generic sorbents which easily absorb interferences with similar characteristics to target analytes. IAC is expensive, disposable and has low stability against organic solvents and pH. An interesting alternative to the above mentioned sample preparation methods is the latest developments of liquid phase microextraction, named dispersive liquid-liquid microextraction (DLLME), because of its merits such as simplicity, speed of operation, low cost and eco-friendly, DLLME attracts much attention in mycotoxin analysis for sample pretreatment (Arroyo-Manzanares et al. 2012; Campone et al. 2011; Karami-Osboo et al. 2013; Maham et al. 2012; Merdivan and Mine 2012; Víctor-Ortega et al. 2013) . In this method, an appropriate mixture of extraction and disperser solvents quickly is injected into the aqueous sample, and analytes are enriched into the dispersed extraction solvent. Phase separation is accomplished by centrifugation and the enriched analytes in the settled phase are determined by instrumental methods.
Some hyphenated methods were used for quantification of mycotoxins in food and feed (Li et al. 2012 (Li et al. , 2013 . The aim of this study was to evaluate DLLME as a miniaturized sample pre-treatment technique for preparation of raisin samples contains OTA prior to liquid chromatography with florescence detection (HPLC-FLD). In the presented method the solvent used to extract the OTA from samples, was then used as disperser solvent in DLLME procedure. The effect of various parameters on the recovery of OTA such as type and volume of DLLME extractant, centrifuging and sonication time and volume of water was investigated. The performance of the proposed method for the analysis of OTA in samples has also been studied and finally compared with routine clean-up method (IAC) to confirm the results.
Materials and methods

Reagents and materials
HPLC grade acetonitrile and all analytical-grade methanol, chloroform, carbon tetrachloride, carbon disulfide, ethanol, acetone, phosphoric acid were purchased from Merck (Germany). The OTA standard was achieved from SigmaAldrich (USA). A stock solution of OTA (1 μg mL −1 ) was prepared in methanol quantified by measuring its respective absorbance at 330 nm by UV spectrometry and stored in dark vial at −20°C. Deionized water produced by a Milli-Q purification system (Millipore, Bedford, MA). Immunoaffinity columns were Puri-Fast OTA IAC (Libios-France).
Sample preparation
Ten raisin samples were obtained from dried fruit store in Tehran, and were removed from the stems. One hundred gram of samples was homogenized by grinding with dry ice in a Waring blender and stored at −20°C. Twenty gram of ground raisin was blended with 100 mL of methanol: water (80: 20) for 3 min in a Waring blender and filtered through Whatman no. 1 filter paper (Whatman Inc., Piscataway, NJ, USA) (MacDonald et al. 2003) , afterward the extract was used in DLLME and IAC process.
Calibration curves and quantification
Working Standard solutions were prepared by dilution of known volumes of Stock standard solution. Seven levels of concentration (0.5, 1, 2, 2.5, 5, 10 and 15 μg mL Immunoaffinity column chromatography clean-up procedure Twelve milliliters of extracted sample was diluted with 100 mL Phosphate Buffer Saline (PBS) and 50 mL of diluted extract was passed through the Puri-Fast OTA column at a about 1 drop/min. The column was washed with 5 mL PBS at the same flow rate. The analyte was eluted with 1.5 mL Fig. 1 The effect of extraction solvent type on the extraction efficiency methanol and collected in a 4 mL amber glass vial. The methanol was evaporated at 40°C, and the residue was reconstituted in1 mL HPLC grade water: acetonitrile (3:7 v/ v; pH=3) (MacDonald et al. 2003) . Finally, 100 μL was injected into the HPLC system.
DLLME procedure
Under optimum conditions, a mixture of 0.2 mL chloroform and 0.8 mL methanol 80 % extract (disperser) was quickly injected into a 3.0 mL of deionized water placed in conical tube. Then a cloudy solution that involves of very fine drops of chloroform dispersed into aqueous phase was formed. After centrifugation for 5.0 min at 1,132 g, enriched extraction solvent was settled at the bottom of the test tube. After removing the upper aqueous solution the settled phase was dissolved in 0.2 mL methanol and evaporated to dryness and then the residue was reconstituted in 1 mL mobile phase.
Instrumentation
The HPLC system equipped with a binary HPLC pump (Waters 1525), auto sampler (Waters 717) and a Multi λ fluorescence detector (Waters 2487). Detector set at 330 nm (λ em ) and 460 nm (λ ex ). A chromolith HPLC column (15 cm, Merck) was used for separation at 30°C. The mobile phase was mixture of acetonitrile: water (70:30, v/v) using phosphoric acid as modifier (pH=3) at a flow rate of 1 mL min −1 .
Results and discussion
To achieve a satisfactory recovery the effect of various parameters in DLLME were investigated with spiked raisin samples (10 μg kg
−1
). Spiked raisin samples were prepared by adding different volumes of stock solution of OTA to the blank samples.
Type of extractant
Performance of DLLME is essentially affected by the type of extractant. Extraction solvent in DLLME should have several properties: (1) denser than water; (2) high extraction capability of target analyst; (3) forming a stable cloudy solution (4) minimum solubility in water. In this study, CHCl 3 , CCl 4 and Fig. 2 Volume of CHCl 3 effects on the extraction efficiency Fig. 3 Effect of, the different volume of disperser solvents on the extraction efficiency Fig. 4 Effect of the, different volume of water on the extraction efficiency Fig. 5 Effect of the, centrifuging time on the extraction efficiency CS 2 were assessed as potential extractants. A series of water (3.0 mL deionized water) was studied by rapidly injection of mixture of different extraction solvent (0.2 mL) and 0.8 mL of extract of sample. According to the obtained results (Fig. 1) CHCl 3 showed the best extraction efficiency.
Volume of extractant
To examine the effect of extraction solvent volume, 0.8 mL methanol 80 % extract containing different volumes of chloroform (50.0, 100.0, 150.0, 200.0, and 250.0 μL) was subjected to the same microextraction procedure and the experimental data are shown in Fig. 2 . By increasing the volume of chloroform from 50 to 200 μL, extraction efficiency increased but above that, the recovery was decreased, probably it depends on the change of volume ratio between the disperser solvent and chloroform. Change of this ratio will change the number of droplets available for extraction, also the appropriate volume ratio between extractant and disperser solvent, form a stable cloudy solution that improve the extraction procedure. In this experiment the best volume ratio and performance was achieved at 200 μL of chloroform.
Volume of dispersive
The extraction solvent firstly used to extract OTA from raisin samples and secondly used as a disperser solvent in DLLME process. To study the effect of disperser solvent volume, 200.0 μL chloroform was mixed with different volumes of extract containing (0.4, 0.8, 1.2, 1.6, and 2.0 mL) was subjected to the same microextraction procedure. Figure 3 shows the best performance was obtained by 0.8 mL of disperser solvent volume was.
Volume of water
For investigation of the required water volume, different volume of water (1 to 5 mL) was exposed to the same experimental conditions (0.8 mL extract containing 200.0 μL of chloroform). According to the obtained results (Fig. 4) recovery was increased to 3.0 mL water and then was decreased by further increasing the volume of water. Thus, 3.0 mL water was chosen for following studies.
Centrifuging time
In DLLME, centrifugation is substantial in order to obtain two separate phases in the extraction tubes. The influence of centrifuging time on the recovery was investigated over the range of 1-9 min (1,132 g). Based on the obtained results, by increasing the centrifuging time from 1 to 5 min, the extraction efficiency was increased. However the further increase didn't have significant effect on extraction performance. So, 5 min was used for subsequent experiments (Fig. 5) .
Sonication time
The effect of sonication time on the performance of DLLME was studied by changing its time (0, 2.5, 5 and 7.5 min). Sonication may affect the dispersion of extraction solvent into the aqueous phase, and so may improve the efficiency of extraction. In this study, sonication didn't have considerable effect on recovery. So, for ease of operation the following experiments were done without using sonication.
Analytical figures of merit
The performance of the suggested method was evaluated based on the extraction recovery (ER), determination coefficient (R 2 ), Intra and inner (between and within)-day precision, limit of detection (LOD) and limit of quantification (LOQ). Standard calibration curve was drawn between 0.5 and 30.0 ng mL −1 , the determination coefficient (R 2 ) was 0.999 at the investigated calibration range. Inner -day precision was determined by analyzing 3 replicates of five levels of spiked sample, and Intra -day precision was determined by analyzing 3 replicates during 3 days consecutives. The precision of the method was calculated from the relative standard deviation (RSD%, n =3). Intra day precision was between 3.7 and 6.1 % and inner-day precision of triple measurements of each spiked sample was between 0.9 and 3.0 % (Table 1) . LOD based on a signal to noise ratio (S/N) of 3, and LOQ based on S/N of 10, for the IAC and DLLME method were 0.7 and 2.0 ng mL
, respectively.
Application of the method to real samples Applicability of the suggested method was investigated by analyzing of raisin samples and results are shown in Table 1 .
To establish the performance of the method a blank sample was spiked with different volumes of OTA stock standard and then the suggested method was accomplished. The obtained data (Table 1) indicate that the recoveries are in satisfactory agreement (68.6-85.2 %).
The method was applied to analysis of ten real samples with confirmative analyses performed using immunoaffinity Column Chromatography (IAC). Results are shown in Table 2 .
Conclusion
Raisins are one of the most important dried fruits, and have great consumption in the world (Fang et al. 2010) , and contamination of raisins could be harmful for human. In the present study; we propose a new method for the analysis of OTA in raisin, which was confirmed with IAC. DLLME procedure was used as a clean-up method for extraction of target analyte from solid matrices. The filtrated extraction solvent of extraction procedure was used as a dispersant in DLLME process. DLLME is kind of screening method and results of DLLME will help to find the suspicious samples. In our research only in one sample, result of DLLME and IAC was different, so there was good correlation between DLLME and IAC results. The developed method is a suitable alternative to routine clean-up techniques, such as IAC, because of its several advantages such as simplicity, low consumption of toxic organic solvents, low cost and allows a reduction in the time of analysis. Also, the method offers low detection and quantification limits, good precision and accuracy. Both clean-up methods were used to determine the OTA amount in real samples. In this work, Trace amount of OTA found in three samples, and the mean concentration of OTA was lower than EU legal limit (10 μg kg ).
